No studies have specifically reported the association of lung adenocarcinoma with environmental tobacco smoke (ETS) exposure among nonsmoking males. The objective of this study was to examine the exposureresponse relation between ETS exposure and lung cancer among nonsmoking males. In particular, the association with adenocarcinoma of the lung was studied. This is a population-based, case-referent study in Hong Kong during [2004][2005][2006]. A total of 132 Chinese male nonsmokers with newly diagnosed primary lung cancer and 536 nonsmoking community referents were interviewed about ETS exposures from the household and/or workplace, including ever ETS exposure, sources of exposure, number of smoking cohabitants/coworkers, and smoker-years. Univariate logistic regression analyses showed a weak association between all lung cancers and ever ETS exposure from the household and/or workplace (odds ratio (OR) ¼ 1.11, 95% confidence interval (CI): 0.74, 1.67), but an increased risk was restricted to adenocarcinoma (OR ¼ 1.68, 95% CI: 1.00, 2.38). After adjustment for family cancer history and other confounders, excess risk (OR ¼ 1.62, 95% CI: 0.91, 2.88) still persisted for adenocarcinoma, although it was no longer statistically significant. Exposure-response relations for adenocarcinoma were found with increasing levels of all ETS indices when exposures from the household and workplaces were combined. The consistent exposure-response relations between ETS exposures and adenocarcinoma suggested a probable causal link, which would have to be confirmed by future larger studies. adenocarcinoma; lung neoplasms; tobacco smoke pollution Abbreviations: CI, confidence interval; ETS, environmental tobacco smoke; IARC, International Agency for Research on Cancer; OR, odds ratio.
Over the past few decades, there has been growing attention on the potential health effects of environmental tobacco smoke (ETS) (1, 2) . More than 40 epidemiologic studies have been conducted on the association between exposure to ETS and lung cancer in lifelong nonsmokers and showed an average of 30% increased risk, but the majority of these studies were primarily on nonsmoking females who were married to smokers (3) (4) (5) (6) (7) (8) . Many fewer epidemiologic studies of ETS exposure and lung cancer were reported among males who had never smoked (3, 4, 9, 10) . Difficulties from too few lung cancer cases among lifelong nonsmokers were frequently encountered in ETS studies among males. No previous studies have specifically reported the association with adenocarcinoma among nonsmoking males. We used the original subset of nonsmokers from a larger case-control study to explore the association between ETS exposure and lung cancer among nonsmoking Chinese males in Hong Kong, by examining the exposureresponse relations after taking into account the influence of various potential confounding factors. In particular, the associations with adenocarcinoma of the lung were studied.
MATERIALS AND METHODS

Patient population
The study population for this case-referent study was derived from a larger study that also included active smokers. Original eligible cases were Chinese males aged 35-79 years with newly diagnosed primary carcinomas of the lung (International Classification of Diseases, Revision 9, code 162) that were histologically confirmed according to the World Health Organization's histologic typing of lung tumors (11) . All cases were recruited consecutively from the largest oncology center in Hong Kong from February 1, 2004 , to September 30, 2006 , and were interviewed within 3 months after diagnosis. Among a total of 1,259 eligible cases, 1,208 were interviewed with a response rate of 96%; 35 cases could not respond to the interview because of their poor medical condition, and the other 16 refused because of no interest. We excluded 1,076 ever smokers and retained 132 males who reported being lifetime nonsmokers. A nonsmoker was defined as one who had never smoked as many as 20 packs of cigarettes or 12 ounces (340.2 g) of tobacco in his lifetime or 1 cigarette a day or 1 cigar a week for 1 year (12) .
Each lung cancer incident case in the original larger study was frequency matched in 5-year age groups by a community referent randomly selected from residents of districts where the cases came from by using the residential telephone directory. However, the age distribution might not be necessarily comparable between the subsets of nonsmoking cases and referents. We recruited 1,069 eligible referents in the original larger study with a response rate of 48%. We excluded 533 smokers and retained 536 lifetime nonsmoking referents in the data analysis. All referents must have no history of physician-diagnosed cancer in any site.
Data collection
A personal interview was conducted by a trained interviewer immediately after informed consent was obtained. A standardized structured questionnaire was used to collect information on detailed ETS exposures and potential confounding factors. Relevant medical information, including medical diagnosis, International Classification of Diseases codes, histologic findings, and so on, was abstracted from the hospital records. This research was approved by the ethics committees of both the Chinese University of Hong Kong and the Queen Elizabeth Hospital.
Assessment of ETS exposure
We collected information on lifetime histories of ETS exposure at home and/or at the workplace for each participant since childhood. ETS exposure was defined as ever lived or worked with a smoker for at least 1 year and was regularly exposed to tobacco smoke (13, 14) .
Information on ETS exposure at home from a spouse and other cohabitants (e.g., parents, grandparents, siblings, children) since childhood was collected, including the following: 1) the number of smokers smoking inside the house, 2) the number of packs of cigarettes smoked per day by the spouse or other cohabitants in the presence of the study subject, and 3) the number of years of ETS exposure. Information on other types of tobacco, including cigars and Chinese-prepared tobacco, used by the spouse or cohabitants was also collected. Lifetime cumulative ETS exposure at home was assessed by 2 indices: smoker-years (the product of ''1'' and ''2'' listed above) and cigarette pack-years (the product of ''2'' and ''3''above).
Information on workplace ETS exposure was recorded for each workplace, including the number of coworkers smoking in the presence of the study subject and the numbers of years of workplace ETS exposure. Lifetime workplace smoker-years were calculated by using a similar approach to that at home. We did not estimate cigarette pack-years of ETS exposure in the workplace because our pilot study had showed difficulties in collecting the amount of tobacco smoking by the coworkers.
Potential confounding factors
We collected information on all major potential confounding factors, including residential radon exposure (14, 15) , other sources of indoor air pollutants (years of cooking by frying, incense burning, and use of mosquito coils), dietary habits, alcohol drinking habits, past history of lung diseases, cancer history in first-degree relatives, educational level, and exposures to known or suspected occupational lung carcinogens. Exposure to known and suspected occupational lung carcinogens was defined as ever regularly exposed to any of these agents: silica, asbestos, arsenic, nickel, chromium, tars, asphalts, printing, pesticides, diesel, cooking fumes, and welding fumes in the workplace. A reduced version of the Diet History Questionnaire designed by the US National Cancer Institute was used to gather the information on diet (16) .
Statistical analysis
All data were double keyed into a database in EpiData, version 3.1, software (17) and were analyzed by using SPSS, version 13.0, software (SPSS, Inc., Chicago, Illinois). v 2 tests or t tests were used to test differences of major risk factors and ETS exposures between the cases and referents. Years of ETS exposure and smoker-years were divided into 3 categories (no, low, and high exposures), by using the median of exposed subjects as the cutpoint to classify the low-and high-exposure levels. We also reanalyzed the data using the median of duration and smoker-years of workplace exposure as a ''standard'' cutpoint for either household or combined exposures to ETS. Unconditional multiple logistic regression models were applied to calculate the odds ratio and the 95% confidence interval for each ETS exposure index after adjustment for major confounders, and the exposure-response relations with gradients of ETS exposure were further explored by trend tests (8) . Histologic subgroup analyses were restricted to adenocarcinoma only, as a complete stratified analysis by histologic subtype was hampered by too few cases in the other cell types.
RESULTS
Patient characteristics
As shown in Table 1 , the majority of lung cancer cases in nonsmoking males presented with adenocarcinoma (89 cases, 67.4%). Squamous cell and large cell carcinoma comprised 3.8% (5 cases) and 1.5% (2 cases) of all lung cancers. Non-small cell carcinoma without further classification and other unspecified carcinoma accounted for 22% (29 cases) and 5.3% (7 cases), respectively.
The main characteristics of lung cancer cases and referents are summarized in Table 2 . Cases were younger than community referents and more likely to be born outside Hong Kong. They had significantly higher levels of radon exposure and a lower level of meat consumption, and they were more likely to drink alcohol, to have a past history of lung diseases and first-degree relatives with any cancer history, and to have been exposed to known or suspected occupational carcinogens. They were, however, less likely to adopt dust control methods in the workplace.
Household ETS exposure
A total of 47 (35.6%) lung cancer cases and 194 (36.2%) referents reported ever having been exposed to ETS in the household, giving an overall crude odds ratio of 0.98 (95% confidence interval (CI): 0.66, 1.45). There was a weak but insignificantly increased risk of adenocarcinoma (odds ratio (OR) ¼ 1.31, 95% CI: 0.83, 2.07) ( Table 3 ). Most of the household ETS exposure came from cigarettes; only 8 (6.1%) cases and 30 (5.6%) referents were exposed to ETS from Chinese-prepared tobacco or cigars, and their separate effects could not be explored further. Table 3 also shows odds ratios of all lung cancers and adenocarcinoma for gradients of ETS exposures in the household. Only 1 significant crude odds ratio was observed, but no increasing trends were present for the gradients of all indices of ETS exposure. After adjustment of potential confounding factors (from Table 2 ) in the multivariate models, the odds ratios for each category of ETS exposure decreased, and the 95% confidence interval appeared wider. Household ETS exposure had no effect on all lung cancers (OR ¼ 0.90, 95% CI: 0.57, 1.41) but continued to be associated with a weak and insignificant increase for adenocarcinoma (OR ¼ 1.18, 95% CI: 0.71, 1.98). No positive trends of adjusted odds ratios for all lung cancers or adenocarcinoma were observed with increasing levels of all indices of household ETS exposure.
Workplace ETS exposure
Compared with ETS exposure in the household, more lung cancer cases (72 cases, 54.5%) and referents (257 cases, 48%) reported ever exposure to ETS at the workplace, and a weak and insignificantly increased risk for lung cancer was found (crude OR ¼ 1.30, 95% CI: 0.89, 1.91; adjusted OR ¼ 1.15, 95% CI: 0.74, 1.77). The weak overall association was mainly a result of the significantly increased risk for adenocarcinoma (crude OR ¼ 1.84, 95% CI: 1.16, 2.93; adjusted OR ¼ 1.68, 95% CI: 1.00, 2.83). As shown in Table 4 , the odds ratios for adenocarcinoma were consistently higher than those for all lung cancers in nearly all categories. The odds ratios for all categories of ETS exposure indices for all lung cancers and adenocarcinoma were above 1.0, and many of them were statistically significant for adenocarcinoma. Except for the number of smokers, positive gradients were observed for adenocarcinoma with or without adjustments of potential confounding factors, but the trend was significant only for smoker-years.
Combined household and workplace ETS exposures
About 68.1% of all lung cancers and 76.4% of adenocarcinoma cases had ETS exposures from the household and/or workplace. Such combined exposure was associated with a weak crude odds ratio of 1.06 (95% CI: 0.67, 1.68) for all lung cancers but a higher odds ratio of 1.68 (95% CI: 1.00, 2.83) for adenocarcinoma. After taking into account the effects from potential confounding factors, we found that weak to moderate exposure-response relations for the risk of all lung cancers still remained with the increasing number of smoking cohabitants and/or coworkers and the gradients of cumulative smoker-years. Stronger trends were present for adenocarcinoma with the increasing levels of all exposure indices with and without the adjustment of potential confounding factors ( Table 5) .
As shown in Tables 3 and 5 , similar patterns of exposureresponse outcomes were obtained by using different cutpoints for categorizing exposure levels (median of smoker-years of workplace exposure as the ''standard'' cutpoint for low and high exposure levels for either household or combined exposures).
DISCUSSION
Our study was the first to specifically link ETS exposure with adenocarcinoma of the lung among male nonsmokers. We found that the weak association between all lung cancers and male nonsmokers ever exposed to ETS was wholly contributed by a modest but insignificantly increased risk of adenocarcinoma. Although some associations between exposure amounts and adenocarcinoma risk were observed in the workplace and not from household exposure, there appeared to be a stronger effect for adenocarcinoma when sources of ETS exposure were combined, and a clear exposureresponse relation with increasing level of ETS exposure remained after the adjustment for major potential confounding factors.
Exposure to ETS as a risk factor for lung cancer in nonsmokers has been studied extensively in the past few decades, but most studies were restricted to females (3, 4, 8-10, 13, 18-22) . A meta-analysis of 37 female and 9 male studies published in 1997 showed that lifelong nonsmokers who lived with smokers had an elevated summary relative risk of 1.24 (95% CI: 1.13, 1.36) for lung cancer among females and 1.34 (95% CI: 0.97, 1.84) among males (3). A subsequent European multicenter study reported the age-adjusted lung cancer odds ratio for ever exposure to spousal smoke to be 1.11 (95% CI: 0.88, 1.39) and 1.47 (95% CI: 0.81, 2.66) for female and male nonsmokers, respectively, but did not report odds ratios additionally adjusted for other confounders. The authors mentioned that the small number of exposed men hampered more detailed quantitative analyses (8) . In accordance with the results of this International Agency for Research on Cancer (IARC) European multicenter study, our results showed a weaker odds ratio for all lung cancers after adjustment for age (OR ¼ 1.05, 95% CI: 0.71, 1.57). However, the weak association with all lung cancers disappeared after adjustment for exposure to known or suspected occupational carcinogens (OR ¼ 0.91, 95% CI: 0.61, 1.37), and it was further reduced (OR ¼ 0.90, 95% CI: 0.57, 1.41) when any cancer history in first-degree relatives and other important confounding factors were added to the ''full model.'' Direct comparison could not be made c The quartiles for radon exposure were generated by using exposure data from all nonsmoking subjects.
d Past history of lung diseases (1 year before the diagnosis date of lung cancer) including previous/preexisting physician-diagnosed pneumonia, chronic bronchitis, emphysema, asthma, tuberculosis, silicosis, and asbestosis.
e Any history in first-degree relatives including any cancer in the natural parents or siblings ever diagnosed by a doctor. between our results and those of the IARC study because some potential confounding factors (e.g., any cancer history in first-degree relatives) were not adjusted in the IARC multicenter study. Workplace ETS exposure was linked to a 24% (95% CI: 1.18, 1.29) increase in lung cancer risk in a more recent meta-analysis of 22 studies, but only 3 of the studies provided specific relative risk estimates of 3.3 (95% CI: 1.0, 10.6), 1.6 (95% CI: 0.4, 6.4), and 1.0 (95% CI: 0.5, 2.1) for nonsmoking males (4). Many methodological difficulties had been encountered by these studies, including having no histologic confirmation of lung cancer and small sample size (23) (24) (25) . Results from the IARC European multicenter case-referent study were also included in the meta-analysis but were not separated by gender (8) . On further review of this European multicenter study, we found that it actually provided an adjusted odds ratio of 1.13 (95% CI: 0.68, 1.86) for workplace ETS exposure in nonsmoking men (8) . Our study showed a very similar adjusted odds ratio of 1.15 for workplace ETS exposure for all lung cancers. We found that the ETS exposure (i.e., smoker-years) level of lung cancer cases from the household (median ¼ 20) was much lower than that from occupational sources (median ¼ 110). Significant associations with some ETS exposure indices when the exposures were occupational but not when they were from the household might reflect the difficulties in detecting an observable effect and/or the exposure-response relation in the low exposure region.
Most ETS studies on males examined the association with lung cancer by separate sources of exposure, and very few looked into the effects of combined exposures from household and workplace (3, 4) . Results from the IARC European multicenter study revealed higher risk and more consistent exposure-response relations with combined indicators of spousal and workplace ETS exposure than those obtained from the separate sources, but the results were not presented separately for the males (8). Our study was the first to provide exposure-response relations of lung cancer risks with the increasing levels of combined ETS indices among nonsmoking males. Combined exposure should be a better reflection of total ETS exposure, and hence the associations with combined exposures should be more indicative of the actual effects.
The weak and insignificantly increased risk of all lung cancers found in our study could be wholly attributed to the increased risk for adenocarcinoma, and nice exposureresponse relations between increasing levels of combined ETS exposures (including the sources, total number of smokers, and amount of smoker-years) and the risk of adenocarcinoma were further determined. We did not find any excess risk of squamous cell (crude OR ¼ 0.78, 95% CI: 0.13, 4.70) and small cell (0 cases) carcinomas with ETS exposure, but this may be due to small numbers and may be a power issue. The greater risk of adenocarcinoma than other cell types associated with ETS exposure in our male nonsmokers was consistent with findings among Chinese females (13, 26) but contradicted most US and European studies, which found that the increased risk of adenocarcinoma was smaller than that of squamous-or small-cell carcinoma (27) (28) (29) . A separate European multicenter study Odds ratios were adjusted for age, place of birth, alcohol drinking, residential radon exposure, past history of lung diseases, any cancer in first-degree relatives, intakes of meat, exposure to known or suspected lung carcinogens, and adoption of dust control. (29), with populations different from those of the IARC European multicenter study (8) , showed that the age-and gender-adjusted odds ratio for lung adenocarcinoma was 1.2 (95% CI: 0.6, 2.5), but only 4 male cases were included in the study. No previous studies have specifically reported the possible link between ETS exposure and adenocarcinoma of the lung among male nonsmokers. Ethnic discrepancy in the etiology of lung adenocarcinoma has been suggested and might be explained by the different anatomic variations and/or genetic predispositions among various populations, although the underlying disease mechanisms have not yet been fully studied. Toxicologic data have suggested that exposure to ETS might be consistent with a carcinogenetic effect in the deeper parts of the lung where adenocarcinoma preferentially occurs, owing to the inhalation of small-size particles of ETS (0.15-0.25 lm) containing more than 95% gaseous-phase nicotine (6) . Our study provides epidemiologic evidence on ETS as a risk factor in the etiology of adenocarcinoma of the lung.
Results from our study should be valid and could be generalized to all Chinese males in Hong Kong. Our lung cancer cases were from the largest oncology center in Hong Kong, and the distributions by histologic subtypes and age were very similar to those reported in the Cancer Registry of Hong Kong. The response rate for cases (96%) was high, cases were all confirmed by histology or cytology, and misclassification of lung cancer status should be minimal. A response rate of 48% of our community referents was not too low compared with most typical population-based, casereferent studies. Limited data from 32 nonparticipating community referents who refused to complete the full questionnaires but agreed to answer short questionnaires containing basic information showed a lower proportion of household ETS exposure (29.1%) than that of the participating community referents (36.2%). It suggested that selection bias, if present, would probably underestimate the odds ratio of ETS. However, the information obtained from these 32 nonparticipating subjects might not represent all the nonparticipating referents. It is worthwhile to note that the distribution of smoking status of our community referents was fairly similar to that obtained by the General Household Survey of the Census and Statistics Department of Hong Kong in 2006 (30) .
Recall and/or interviewer bias on the status of smoking and ETS exposures of study subjects could be a concern in most case-referent studies, but that should not distort our results to a great extent. We tried to minimize this possible bias by introducing the study to both the cases and referents as a general ''men's health'' study. Furthermore, when we reinterviewed a subgroup of 562 subjects (including also active smokers) several weeks after the initial interviews, the reliability for nonsmoking status was excellent for both the cases (j ¼ 0.90) and the referents (j ¼ 0.86), but it was only fair for ETS exposure (j ¼ 0.36 vs. 0.35) (unpublished data). Inaccuracies in recall could result in differential overor underreporting of ETS exposure between cases and referents in our study. However, data from a special group of 64 inpatient referents (who had to undergo surgical operations for suspected lung cancer and were handled as lung cancer cases during the interviews, but eventually were diagnosed as not suffering from lung cancer; included active smokers) showed a slightly lower proportion (81.3% vs. 81.6%) of ever ETS exposure and many fewer smoker-years (156.8 (standard deviation, 314) vs. 228.5 (standard deviation, 428.6)) than the surgically confirmed lung cancer cases (n ¼ 228, also including active smokers). We believe that the differential exposure reported in these 2 subgroups did not support the presence of interviewer bias and, hence, provided further support for the validity of our results.
Nevertheless, the observed odds ratios of all lung cancers and adenocarcinoma of the lung in many exposure categories were not statistically significant, and the 95% confidence intervals were relatively wide, suggesting that the sample size might not be adequate for studying the association between ETS exposure and lung cancer risks. Further studies with more nonsmoking lung cancer cases and adequate numbers for different histologic subtypes of lung cancer would be desired.
In conclusion, the small observed excess risk of all lung cancers associated with ETS exposure among Chinese male nonsmokers could be wholly attributed to the increased risk of adenocarcinoma. The consistent exposure-response relations between various indices of combined household/workplace ETS exposure and the risk of adenocarcinoma suggested a probable causal link, which would have to be confirmed by future larger studies.
